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Abstract: We suggest a Lorentz-covariant theory of gravity that is equivalent to general relativity in weak 
gravitational field. We first derive the mass variation of a body falling freely in static gravitational field based 
on the principle of equivalence and the mass-energy relation. We then modify the standards of space-time in 
local gravitational field to keep them consistent with the standards in inertial frame of reference at infinity 
based on the influence of gravitational field on the light. The metric thus obtained agrees with Schwarzschild 
metric at first order approximation. The gravitational vector potential produced by a moving gravitational 
source can be obtained by applying Lorentz transformations in local gravitational field. Although inertial and 
non-inertial frames are equally valid in describing the motion of bodies in gravitational field, we still regard 
inertial frame, i.e. center of mass of the system, as the preferred frame of reference. This is because Newton’s 
laws of motion only hold for inertial frames. The apsidal motion of binary system and the expansion of the 
universe can be explained more reasonably when observed from their respective centers of mass than that 
from relative motions. The expression of static metric in our theory does not contain gravitational radius, thus 
black hole and singularity do not exist. In our theory, the gravity in the presence of matter is the same as that 
in the vacuum, i.e. TOV equation does not hold. The maximum mass of a neutron star is about five times of 
solar mass based on our computation. 
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1 Introduction 
Einstein’s general relativity is a generally covariant theory of gravity. While successfully 
explaining some phenomena that cannot be explained in Newtonian theory, it still remains some 
puzzles, such as black hole and singularity [1-3]. General relativity interprets gravity as 
curvature of space-time, and describes gravity with tensor calculus. We know that the 
combination of special relativity and Coulomb’s law can obtain the electromagnetic force 
generated by a moving charge [4]. Based on the similarity between the law of universal 
gravitation and Coulomb’s law, we wish to deal with the law of universal gravitation in the same 
way. But we find the method fails for the treatment of gravitational force. This is due to the 
different influences of electromagnetic and gravitational fields on the light. Photon has no 
electric charge, the electromagnetic force does not affect the frequency and wavelength of light. 
Thus we can establish synchronous clocks and unified rulers anywhere in space. But we cannot 
do so in gravitational field for the presence of gravitational force will change the frequency and 
wavelength of light. So Lorentz transformations cannot be applied to large distance. In order to 
solve for the gravitational field generated by a moving mass, one way is the adoption of the 
description of cursed space-time as used in general relativity. This method is much complicated. 
Here we use a simple and direct way. First, we derive the mass variance of a body in static 
gravitational field by combining the law of universal gravitation with mass-energy relation in 
special relativity. Then we modify the standards of space-time in local space according to the 
influence of gravitational field on the light, which directly leads to the metric expression of 
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static gravitational field. Finally, we apply Lorentz transformations to static metric expression in 
local gravitational field to derive the gravitational vector potential produced by a moving body. 
It will be shown that the two theories are equivalent in describing gravitational phenomena in 
weak field. In Einstein’s gravitational field equations, only up to second order derivatives of 
metric are included, so gravitational radius is inevitable to appear in Schwarzschild metric. Our 
static metric expression does not contain gravitational radius, thus black hole and singularity are 
not necessary to exist.  
Although it is regarded in general relativity that inertial and non-inertial frames are equally 
valid in describing the motion of bodies in gravitational field, we still choose inertial frame as 
the preferred reference frame to observe the motion of bodies in gravitational field for Newton’s 
laws of motion only apply to inertial frames. For the many-body system, the center of mass of 
the system is an inertial frame [5]. When the inertial frame of center of mass is adopted instead 
of non-inertial frame, the difference will be apparent for some cases, such as the apsidal motion 
and gravitational radiation of binary system, which we will discuss in the following. 
2 The metric in static gravitational field 
2.1 The mass variation of a body moving in static gravitational field 
We know that Coulomb’s law applies to the interaction between rest charges, but can be 
extended to the interaction of a rest charge on a moving charge. Similarly, we suppose Newton’s 
law of universal gravitation also holds for the interaction of a rest gravitational source on a 
moving body. 
We suppose, for simplicity, that a point mass M  is fixed at point o, as shown in Figure 1, 
and a body with the gravitational mass of  is falling freely in the static gravitational field 
produced by 
m
M . As it falls, the work done on it by the gravitational field will be converted into 
its kinetic energy, and its inertial mass increases. Then according to the principle of equivalence, 
its gravitational mass increases and it experiences a larger gravitational force. 
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Figure 1. A body falls freely in static gravitational field. 
We suppose that the body  moves a differential distance of , and the change of mass 
is . Based on the relation between work and energy, we have  
m dr
dm
dr
r
GMmdmc 2
2 −= ,                                                       (1) 
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cr
GM
m
dm
22−= .                                                         (2) 
Integrating on both sides of the equation, we find 
2rc
GM
kem = ,                                                              (3) 
where  is a constant. Suppose the rest mass of the body in the absence of gravitation is . 
Then at infinity we have , which leads to 
k 0m
0mm = 0mk = . 
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Equation (3) is the formula of mass variation for a body moving in static gravitational field. 
The reason we emphasize static gravitational field is that we regard M  as a rest inertial frame 
and  a test body. In fact, m M  will also be attracted by . So m M  is actually not an inertial 
reference frame. Equation (3) only holds for the situation of . In this case, the 
acceleration of 
mM >>
M  is negligible compared with that of  and we may think m M  is at rest. If 
 and m M  are comparable, we must observe the motions of the two bodies from the center of 
mass of the system, which is an inertial reference frame. The detailed discussion may see 
Section 4. 
We know that the mass of a photon is . Suppose the frequency of light at infinity is 2/ cωh
0ω . As it travels in the gravitational field, according to Equation (3), its frequency will change to 
2
0
rc
GM
eωω = . Likewise, if the frequency of light at the surface of a star with the radius R  is 0ω , 
it becomes  as it propagates to infinity, which is the 
formula of gravitational redshift.  
)2Rc/1(0
/
0
2
GMe RcGM −≈= − ωωω
The expression of gravitational potential is rGM /−  in Newtonian mechanics. Now we 
recalculate the gravitational potential. Based on the definition, the potential energy of a body 
equals to the negative value of the work done by the gravitational field as it falls from infinity. 
Then we have 
)1( 22 202
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2
rc
GM
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rc
GM
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p ecmdrer
GMm
dr
r
GMmE −==−−= ∫∫ ∞∞ .                         (4) 
Thus the static gravitational potential is )1( 22 rc
GM
ec − . 
2.2 The effects of time dilation and length contraction in static gravitational field 
As light travels in the gravitational field, it undergoes influence of gravitational field, as we 
have shown above. Thus we cannot define synchronous clocks as in special relativity. As pointed 
out in [1], the time dilation effect cannot be observed by merely measuring the interval of the 
ticks of a clock and comparing it with the time standard defined by the maker, because the 
gravitational influence on the time standard is equal to that on the clock. That is to say, if a clock 
reads one second for a physical process without gravitation, it will still read one second in the 
gravitational field for clock and process are affected by gravitational field in the same way. 
In order to synchronize the clocks at different points in the gravitational field, we compare 
the rest clocks in the gravitational field with the clock at infinity. The gravitational force at 
infinity is zero and here is an inertial frame of reference. Suppose a sequence of oscillating wave 
propagates from infinity to r , whose frequency is 0ω  at infinity and the time interval between 
two adjacent wave crests is 0/2 ωπ=t∆ . Then as measured by a rest clock in the gravitational 
field the interval is still , because the delays needed for the two wave crests to travel from 
infinity to 
t∆
r  are equal. This is just as what we have pointed out in the above that gravitational 
field has the same influence on the clock and the process. But it can be seen from the above 
calculation that the local frequency of the light now becomes 20 rc
GM
eω , which is relative to the 
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frequency at infinity. That is to say, when observed from the distant inertial frame, the local 
frequency becomes 20 rc
GM
eω  and the local time interval between two adjacent wave crests is 
2rc
GM
te
−∆ . Now that the time interval measured by the local clock is t∆ , the local clock slows 
down compared with the clock at infinity. In order to be consistent with the clock at infinity we 
must multiply the interval that the local clock measures by a factor of 2
GM
rce
−
. 
Now we turn to the length contraction effect in the gravitational field. Suppose we have a 
ruler and a pole. When there is no gravitational field, the length of the pole measured by the 
ruler is one meter. Then if we place the pole and the ruler along the radial direction of the 
gravitational field, the length the ruler measures is still one meter, i.e. the ruler and the pole 
experience the same contraction. In order to see the length contraction effect, we suppose the 
wavelength of light at infinity is 0λ  and the distance it travels within unit time is 0λn . As it 
propagates to r , there are still  waves within unit time. Now that the local frequency 
increases, the local wavelength becomes 
n
2
0
rc
GM
e
−λ  when observed from infinity, and the distance 
that light travels within unit time is 20 rc
GM
e
−
nλ . We define length to be the distance that light 
travels within a given interval. Thus compared with the length at infinity, the local length 
contracts. In order to be consistent with the length at infinity, we should multiply the local length 
in the radial direction of the gravitational field by a factor of 2rc
GM
e . 
Note that we have assumed in the above that the speed of light in local static gravitational 
field is always  whether we observe from distant inertial frame or using the local clock and 
ruler, which agrees with the instance in general relativity [2]. On the other hand, the length along 
the transverse direction of the gravitational field does not contract, because light will be 
unaffected by gravitational field as it travels in this direction. 
c
We summarize as follows. In order to set up the standards of synchronous time and unified 
length in the gravitational field, we must multiply the local time interval by a factor of 2rc
GM
e
−
 
and the local radial length a factor of 2rc
GM
e . Then the clocks and the rulers in the gravitational 
field will be consistent respectively with the clock and ruler at infinity. 
2.3 The metric in static gravitational field 
Considering the effects of time dilation and length contraction, the expression of metric in 
spherically symmetrical static gravitational field can be written 
222222
2
2
2
22 sin22 ϕθθ drdrdredtecds rc
GM
rc
GM
−−−= − .                            (5) 
It becomes Schwarzschild metric at first order approximation 
2222221
2
2
2
22 sin)21()21( ϕθθ drdrdr
rc
GMdt
rc
GMcds −−−−−= − .                  (6) 
The motion equations in static gravitational field can be obtained from variational principle by 
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solving the following equation 
∫ = 0dsδ .                                                              (7) 
For the motion of light, we have another equation 
0=ds .                                                              (8) 
In weak gravitational field, our metric expression approximates to Schwarzschild metric. 
So for the classical tests of gravity theory, such as the perihelion advance of the planets, the light 
deflection, the delay of radar echo, the results in our theory all agree with that of general 
relativity. 
3 The gravitational field produced by a moving gravitational source 
3.1 The gravitational vector potential produced by a moving gravitational source 
We know that a rest charge produces only electrostatic field, while a moving charge 
produces simultaneously electric and magnetic fields. Let’s first see how to derive magnetic 
force from Coulomb’s law and special relativity [4]. Suppose a charge  moves with a 
uniform velocity  relative to a rest inertial frame S, and another charge  moves with a 
velocity  with respect to S. We first write down the interaction of  on q  in the inertial 
frame S' moving with charge , which is electrostatic force according to Coulomb’s law. Then 
according to the transformation formulas of force between inertial frames, we obtain the 
interaction of  on  in the rest frame S. The corresponding magnetic force term will appear. 
Q
qu
v Q
Q
Q q
We wish to deal with the law of universal gravitation in the same way. However, there are 
no synchronous clocks and unified rulers in gravitational field, so Lorentz transformations 
cannot be directly used at large distance scale. Fortunately, we can use  in the expression of 
metric to obtain the gravitational vector potential in local gravitational field.  
ig0
As Lorentz transformations are convenient to apply in rectangular coordinates system, we 
first derive the expression of metric in rectangular coordinates system. Suppose , 
where is a function to be determined. Then we have 
)( 11 rfrr =
)( 1rf
) 11 frr )]()([)(( 1111111 rfrrfdrdrrfdrdr ′+=′= + . Let  
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2
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=×′+ ,                                          (9) 
then Equation (5) becomes 
)sin)(( 2221
22
1
2
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++−= − .                      (10) 
Let ϕθ cossin1rx = , ϕθ sinsin1ry = , θcos1rz = , we find 
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.                          (11) 
Then we have . Substituting it into Equation (10), 
we obtain the metric in rectangular coordinates frame 
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1
2
1
222 sin ϕθθ drdrdrdzdydx ++=++
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++−= − .                               (12) 
The residual question is to solve for the expression of  using Equation (9). Then we can 
obtain the relation between 
)( 1rf
r  and  with r1r )( 11 rfr= . The analytical solution of Equation (9) 
is difficult to find. But it is easy for Schwarzschild metric. We make the following 
transformations [2] 
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then the Schwarzschild metric becomes 
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Suppose a body  moves with a speed of  along m v x  axis in the gravitational field 
produced by a rest gravitational source M . According to the Lorentz transformations in local 
space-time, we have 


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,                                                      (15) 
where , , ,  are the proper quantities measured with the local clock and ruler, 
respectively. Note that Lorentz transformations should be used between inertial frames. As  
and  experience the same contraction,  and 
dx
′
xd ′ dt td ′
dx
xd dt td ′  experience the same dilation, it follows 
that equation (15) also holds in local gravitational field. Substituting it into Equation (14), we 
find 
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As 1<<β , it approximates to  
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According to the definition of gravitational vector potential 000 / ggA ii −=  [2], we have 
2
1
2
1 /21/4 crGMcrGMvAx −=′ , 0=′=′ zy AA . This is the vector potential experienced by a 
body moving in static gravitational field. As the motion between inertial frames is relative, we 
may take this vector potential as produced by a moving gravitational source with the velocity 
. In the case of weak gravitational field, we have , . Then for a body v− 1/ 21 <<crGM rr ≈1
M  moving along x  axis with the velocity v , the components of the vector potential it 
produces are , 2/4 rcGMvAx −≈ 0== zy AA , respectively, which agree with the results in 
general relativity [1]. When compared with electromagnetic vector potential, we find 
gravitational vector potential increases by a factor of 4. This is due to the effects of time dilation 
and length contraction in gravitational field. 
3.2 The motion of a body in dynamic gravitational field 
Now we consider the motion of a body in dynamic gravitational field. In this case, the 
gravitational vector potential should be considered. As an example, we analyze the precession of 
the spin of the gyroscope orbiting the earth [1,6]. Since the gyroscope is moving around the 
earth, it is a non-inertial frame of reference. In order to calculate its precession relative to an 
inertial frame of reference (distant star), the Thomas precession must be taken into account. For 
the convenience of understanding, we first see the Thomas precession in electromagnetic 
instance. Suppose a charged particle rotates with respect to a laboratory inertial frame. The 
charged particle’s rest frame of coordinate is defined as a co-moving sequence of inertial frames 
whose successive origins move at each instant with the velocity of the charged particle. The total 
time rate of the spin with respect to the laboratory inertial frame, or more generally, any vector 
 is given by the well-known result [7] G
GωGG ×+

=


Tdt
d
dt
d
framerestnotrot
,                                        (18) 
where  is the angular velocity of rotation found by Thomas, which can be written Tω
22
2
2
1
1 ccT
vavaω ×≈×+= γ
γ .                                                (19) 
In the charged particle’s rest frame, the equation of motion of the spin is 
BµJ ′×=


framerestdt
d ,                                                    (20) 
where µ  is the magnetic moment of the charged particle, B′  the magnetic induction intensity 
in the charged particle’s rest frame. We know that the classical relation between magnetic 
moment µ  and angular momentum  of the charged particle is [7] J
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Jµ
m
q
2
= .                                                             (21) 
Thus the motion equation of the spin of the charged particle with respect to the laboratory 
inertial frame is 
JωBJJ ×+′×= Tm
q
dt
d
2
.                                                 (22) 
Based on the similarity between gravitational and electromagnetic forces, we replace charge  
with mass , and 
q
m B′  with , where gB′ gB′  is the gravitomagnetic intensity observed from 
the rest frame of the gyroscope. When viewed from the rest frame of the gyroscope, the earth 
not only moves around the gyroscope but also rotates about its spin axis. Accordingly 
 consists of two terms, i.e. geodetic term and frame-dragging term. g′g A×∇=′B
We first see the geodetic effect, as in Figure 2. According to the above analysis, the 
components of vector potential experienced by the gyroscope are 0=′=′ zx AA , 
, respectively. Then we have 2/4 xcGMvAy =′



 −=

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GMv
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GMvA xggB .                             (23) 
Substituting it into Equation (22), we get 
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Figure 2. The relative motion between the gyroscope and the earth. 
JvaJvavaJvavaJJ ××−=××+×−=××+××= 22222 2
3)
2
12(
2
14
2
1
cccccdt
d ,            (24) 
where  and  are the acceleration and velocity vectors of the gyroscope, respectively. Thus 
the geodetic precession of the gyroscope is − , which agrees with the result in 
general relativity [1]. Similarly, we can calculate the vector potential produced by the spin of the 
earth. The detailed calculation may refer to [1]. We only give the result 
a v
22/3 cva×
)(2 23 ⊕×=′ Jxcr
GAg .                                                     (25) 
Then the frame-dragging precession of the gyroscope is gA×∇− 2
1 , which also agrees with the 
result of general relativity. 
It should be noted that since the sun is an accurate inertial frame in the solar system, the 
geodetic precession arising from the rotation of the gyroscope around the sun with the earth 
should also be taken into account. A simple calculation indicates that the rate is 19 milliarcsec/yr. 
As the included angular between the equatorial and orbital planes of the earth is 23°.5, only a 
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fraction of  milliarcsec/yr can lead to the precession of the gyroscope with 
the direction perpendicular to the equatorial plane, i.e. in the direction of frame-dragging 
precession. The other fraction is parallel to the spin axis of the gyroscope and cannot lead to the 
precession of the gyroscope. A similar discussion may refer to [6]. 
4.175.23cos19 =× o
3.3 Gravitational radiation 
It is well known that as an electrical charge makes accelerated motion, it produces 
electromagnetic radiation. Likewise, we expect that a body will produce gravitational radiation 
as it makes accelerated motion. For an isolated charge system, the strongest radiation is electric 
dipole moment radiation. The dipole moment is 
∑=
i
iie e rd .                                                           (26) 
where  and  are the charge and the position vector of particle , respectively. The radiant 
intensity of dipole moment is proportional to . If we replace  in above equation with , 
we obtain the mass dipole moment of an isolated system 
ie ir i
ed&& ie im
∑=
i
iim m rd ,                                                          (27) 
whose first order derivative is the total momentum of the system 
∑=
i
iim m rd && .                                                          (28) 
Because the total momentum of an isolated system is conserved, we have . Thus 
mass dipole moment radiation cannot exist in gravity physics. 
0== pd &&& m
In electromagnetic case, the second strongest radiations are magnetic dipole moment 
radiation and electric quadrupole moment radiation. The radiant intensity of magnetic dipole 
moment is determined by its second order derivative. The magnetic dipole moment can be 
written 
∑ ×=
i
iie )(2
1 vrµ .                                                      (29) 
Replacing  in the above equation with , we obtain the gravitomagnetic dipole moment ie im
∑ ×=
i
iig m )(2
1 vrµ ,                                                    (30) 
which is just half of the angular momentum of the system. Due to the conservation of the 
angular momentum of an isolated system, there does not exist gravitomagnetic dipole moment 
radiation. 
The gravitational radiation similar to electric quadrupole moment radiation does exist. For 
an isolated system, the main gravitational radiation is mass quadrupole moment radiation. The 
mass quadrupole moment is  
xdxxxx 3)3( γγβα
βα
αβ δρ∫ −=D .                                          (31) 
The total power radiated is 
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2
545 αβ
D&&&
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G
dt
dE −= .                                                       (32) 
The above simple discussion can refer to [3]. More detailed discussions may see [1,2]. Our 
theory is equivalent to general relativity in weak field and low speed. So in this instance the two 
give a same result for gravitational radiation. 
4 Comparison with general relativity 
It can be seen from above that although the theoretical foundations and formalisms of our 
theory and general relativity are different, the two are actually equivalent for weak gravitational 
field. Deviation occurs only in strong gravitational field. This is because  only comprises 
metric and its first and second derivatives in Einstein’s gravitational field equations. As noted in 
[1],  must have the dimensions of a second derivative. Other terms of type  appear 
multiplied with a constant having the dimension of length to the power . In Einstein’s 
gravitational field equations, only terms with 
uvG
−N
uvG 2≠N
2
2=N  are allowed. If terms with  and the 
infinite order derivative of metric are included, the two theories will be exactly equivalent. Of 
course, it may be extremely difficult due to the complexity of Riemannian geometry. We now 
discuss the differences between the two theories in other aspects. 
2≠N
4.1 On the apsidal motion of binary system 
Newton defined inertial frame as frame without forces. In the presence of matter, we can 
take the point at infinity as inertial frame where the gravitational force is zero. In addition, we 
can prove that the center of mass of the system is also an inertial frame [5]. General relativity 
takes inertial and non-inertial frames as equally valid. But the observational results in 
non-inertial frame are usually not simple. For example, when we observe the planetary orbits 
from the earth, their movements are very complicated. While viewed from the sun, they move in 
simple elliptical orbits. Furthermore, if we use Newton’s second law of motion to account for a 
body’s motion in gravitational field, inertial frame of reference must be adopted since it only 
holds for inertial frame; otherwise the motion of non-inertial frame itself should be taken into 
account. An apparent example is the apsidal motion of binary system. We now discuss the 
apsidal motion of binary system to show the observational difference between inertial and 
non-inertial frames. 
The motion of the apsidal line of binary arises from the classical tidal interaction and axial 
rotation of the components as well as relativistic contribution. We first see the classical terms. 
The equations of the relative motion of the binary are [8] 
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After one revolution, the periastron longitude has increased by [8] 
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where , and  is the semi-latus rectum of relative motion orbit, i.e. ,  is 
semi-major axis of relative motion orbit,  the eccentricity.  
elA /= l )1( 2eal −= a
e
Now we derive the motion equations of component star  with respect to the center of 
mass of the system. For the first equation of (33), we have 
1m
2211 rmrm = , , thus 
. Substituting it into the first equation of (33), we obtain the radial equation of 
 with respect to the center of mass. The second equation is the conservation of angular 
momentum, which should be written with respect to the center of mass of the system. Then we 
have 
rrr =+ 21
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Comparing Equation (34) with (37) and using the relations of  and 
, we can easily find that the rate of apsidal motion of component  is just 
 times the result of relative motion. Similarly, the rate of apsidal motion of 
component  with respect to the center of mass of the system is  times the 
result of relative motion. Then the result of the apsidal motion of binary is the same whether we 
observe the system from center of mass or we observe them from relative motion. 
2
11
2 −− = ll δδ
1m
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5
11
5 −− = ll δδ
/( 212 mmm + )
m2 /( 11 mm
We then see the apsidal motion of relativistic effect. In the case of relative motion, the 
metric can be written 
2222221
2
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2
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The rate of apsidal motion of the system is  [1,9]. We now observe 
the motion of binary from the center of mass of the system. For component , according to 
Equation (36) we may imagine that there exists a mass source of  at the center of 
mass while the other component  does not exist, and  can be regarded as a test body. 
Then the metric of  with respect to the center of mass of the system is  
)1(/)(6 2221 eacmmG −+π
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where . The apsidal motion of component  with respect to the center 
of mass of the system is . Compared with the instance of relative motion, 
the apsidal motion of  with respect to the center of mass of the system decreases by a factor 
of . Similarly, the apsidal motion of component  with respect to the center 
of mass of the system decreases by a factor of . Then the apsidal motion of  
with respect to  is  times the result of relative motion. 
2
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As the center of mass lies in the connecting line between the two components, Kepler’s 
second law holds also for the relative motion of binary, the classical contribution of apsidal 
motion is the same whether we observe the system from center of mass or we observe them 
from relative motion. But for relativistic effect, difference appears when the two frames of 
reference are adopted respectively. As the center of mass is an inertial frame, the result obtained 
by using the frame of center of mass is reasonable. 
When the inertial frame of center of mass is adopted, the discrepancies between the 
theoretical values and observed results of the apsidal motions of some binary systems will be 
decreased. DI Herculis ( M15.51 =m ⊙, 52.42 =m M⊙, where M⊙ is the solar mass) is an 
example. When viewed from relative motion, the theoretical values of classical and relativistic 
apsidal motion are 1°.93/100 yr and 2°.34/100 yr, respectively. The observed apsidal motion is 
0°.65±0°.18/100 yr in [9]. The new observation reveals a larger value of 1°.30±0°.14/100 yr [10]. 
When observed from the center of mass of the system, our theoretical value is 3°.1/100 yr.  
The researches on 62 binary systems in [11] indicate that the cases in which the theoretical 
estimate exceeds the observed value are several times more frequent than the cases in which the 
theoretical value is lower than the observed one. For 20 of the 62 systems there is agreement to 
within the errors, for 28 systems the theoretical values exceed the observed ones, and for 14 
systems the observed rates are higher. In the case of twice the errors, the theoretical rates are 
higher for 22 systems, and the observed rates are higher for 7 systems. In the case of triple the 
error, the theoretical rates are higher for 15 systems, and the observed rates are higher for only 
two. This discrepancy increases when systems with more reliable observational data are 
considered. For the 26 systems with the most reliably determined eccentricities and apsidal 
periods, not one system whose observed value is higher within twice the errors, while there are 9 
systems whose theoretical values are higher within twice the errors.  
When the inertial frame of center of mass is adopted, we recalculate the theoretical values 
of the 62 systems. The errors are taken from the data in [11], and the masses of the components 
of the binary systems are adopted from [12]. As there are two opposite sets of data for HR8584 
in [11], we use the data of the remaining 61 systems. The results are as follows: for 16 systems 
theoretical values are equal to observed data within the errors, for 26 systems theoretical values 
exceed observed ones, for 19 systems the observed rates are higher. In the case of twice the 
errors, the theoretical rates are higher for 17 systems, and the observed rates are higher for 13 
systems. In the case of triple the error, the theoretical rates are higher for 15 systems, and the 
observed rates are higher for two. For the selective 26 systems, there are 6 systems whose 
theoretical values are equal to the observed ones within the errors, for 12 systems theoretical 
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values are higher, and for 8 systems observed values are higher. In the case of twice the errors, 
the theoretical rates are higher for 7 systems, and the observed rates are higher for 4 systems. 
It can be seen that the asymmetry has been considerably decreased when the inertial frame 
of center of mass is adopted. In addition, if we suppose the rotational axes of components are 
not perpendicular to orbital plane, the theoretical value will further decrease, the detailed 
discussions may see [13,14]. On the other hand, there are evidences indicating that this situation 
is true for some binary stems, see [15]. So the asymmetry may be caused by two factors: one is 
the hypothesis that the rotational axes of components are perpendicular to orbital plane, the 
other the observations of relative motion. 
4.2 On the gravitational radiation of binary system 
We first consider the case of circular motion. The power radiated by a mass point making a 
circular motion is [1,2] 
426
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32 rm
c
G
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dE ω=− .                                                    (40) 
For binary system, we have 3
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R
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G
+=ω , where R  is the distance between the two 
components. When we choose either of the two components as frame of reference, the power 
radiated by the binary system is [2,3] 
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In the case that binary system makes an elliptical motion, the radiant power should be multiplied 
by a factor  [2], where )(ef
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In this case, R  is the semi-major axis of relative motion orbit,  the eccentricity. As the 
center of mass of the binary system is an inertial frame of reference, we should calculate 
respectively the radiant power of the two components with respect to the center of mass, and 
then add them up. The radiant power of component  with respect to center of mass is 
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Thus the total radiant power of the binary system is 
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where ,  are the orbital semi-major axes of components ,  with respect to the 
center of mass of binary system, respectively. 
1a 2a 1m 2m
4.3 On the mass of neutron star 
We first establish the hydrostatic equilibrium equation for fluid in gravitational field. 
According to influence of gravitation on perfect fluid, we have [1] 
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If only the equation in the radial direction is considered, and with  we 
have 
)/2exp( 200 rcGMg −=
)/()( 22 cpr
rGM
dr
dp +=− ρ ,                                                 (46) 
where ρ  and p  are proper density and pressure, respectively. It can be seen that the above 
equation is just the same as that when the influence of gravitation on fluid is not considered. 
This is because p  and ρ  appear on both sides of equation (46), the influences of gravitation 
on them just cancel. For comparison, the TOV equation is  
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The reason for the difference between equations (46) and (47) is as follows. The start point 
of our theory is Gauss’s law. For spherically symmetrical body, the gravitational field intensity 
in the star is related to the mass within the radius r  and unrelated to the density and pressure at 
radius r . While TOV equation is obtained from Einstein’s gravitational field equation which 
relates the energy and momentum with local space-time. Accordingly, we have [1,2] 
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We note that from the viewpoint of gravitational force, the gravitational field intensity is 
only related to the influence of external gravitational mass on local space. So the gravitational 
field intensity in the presence of matter is the same as that in vacuum. So we have 
 and then we will also get the equation of (46). 0=== ttrr RRR θθ
We now see another equation. As the rest mass in gravitational field is larger than that in 
the absence of gravitation, i.e. gravitational mass is larger than proper mass, according to 
equation (3), we have 
2
)(
2 )(4)( rc
rGM
err
dr
rdM ρπ= ,                                                 (49) 
where )(rρ  is proper density. For the equations of state of ideal gas of neutrons, we introduce a 
parameter  according to the method of Oppenheimer and Volkoff [16] t
])1(In[4 2/12xxt ++= .                                                   (50) 
The equations of state are 
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Based on Equations (46), (49), (51) and (52), our computed results are listed in Table 1. It 
should be noted that according to TOV equation and the assumption of ideal gas of neutrons, the 
maximum mass of neutron star calculated by Oppenheimer and Volkoff in 1939 is 0.7 M⊙ [16]. 
In the mean while, our result is about 2 M⊙. This may be due to the fact that they had no modern 
computer then so that their precision in calculation is inadequate. Our numerical computation 
uses fourth-order Runge-Kutta method.  
Table1. Computed results of the mass of neutron star 
 t M/M⊙a M/M⊙b M/M⊙c 
1 0.30 1.12 1.30 
2 0.60 1.92 3.22 
3 0.71 1.91 4.80 
4 0.64 1.59 5.61 
5 - 1.27 5.62 
8 - 1.09 3.32 
10 - 1.20 1.82 
15 - 1.16 0.28 
20 - 1.16 0.024 
 
 
 
 
 
 
 
 
 
 
The case a in Table 1 is the result of Oppenheimer and Volkoff, and case b is our computed 
results based on TOV equation, while case c is the results according to our theory. Noted that we 
must be careful for the case t≥2, in which the core density of neutron star has already reached 
9×1014g/cm3 and exceeded the nuclei density. In the case of t=3, the core density of neutron star 
is 4×1015g/cm3. Then the influence of strong interaction must be taken into accounted and the 
equations of state of ideal gas of neutrons are inapplicable. But we estimate, anyway, that the 
maximum mass of neutron star is about 5 M⊙. 
We now see the observational data [17,18]. The masses of neutron stars are within 1 M⊙ 
and 1.5 M⊙ for binary systems whose component stars are both neutron stars. It should be noted 
that the total masses of the binary systems are calculated with the apsidal motion equation of 
relative motion, i.e. Equation (38) [17,18]. Then according to our Equation (39) , the masses of 
neutron stars should be within 2 M⊙ and 3 M⊙. Additionally, the median estimation for some 
pulsar stars based on  relation have already exceeded 3 M2mpb − ⊙. For example, the mass of 
pulsar star J1643-1224 is 4.439 M⊙, and the mass of J229+2643 is 3.787 M⊙ [18]. So our 
estimation for the maximum mass of neutron star is reasonable. 
4.4 On black hole and singularity 
In general relativity, the maximum mass of a neutron star is 3.2 M⊙ [19,20]. In our theory, 
this value is about 5 M⊙. Additionally, recent theoretical researches and observations (see, e.g., 
[21-24]) show that strange quark star may exist, whose typical mass is about 1-2 M⊙. Then what 
will happen when the mass of a star further increase? From Schwarzschild solution of Einstein’s 
gravitational field equations, one finds gravitational radius , which raises the 2/2 cGMr =
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puzzles of black holes and singularities. According to general relativity, a late type star with the 
mass larger than the upper mass limit of a neutron star will eventually collapse into a black hole. 
In our theory, since gravitational radius disappears, black hole will not exist. Even if in general 
relativity, black holes may not exist based on the researches in [25]. Instead, a gravitationally 
collapsing black hole will ends up as a quark star. It was pointed out in [25] that black hole 
could act as an ultra-high energy particle accelerator. When the temperature ≥T 1015°K, the 
whole matter is converted into quark-gluon plasma permeated by leptons. Since quarks and 
leptons are spin 1/2 particles, they are governed by Pauli’s exclusion principle. Consequently, 
one of the two possibilities will occur: either Pauli’s exclusion principle would be violated and 
the black hole would collapse to a singularity, or the collapse of the black hole to a singularity 
would be inhibited by Pauli’s exclusion principle, and the black hole would eventually explode 
with a mini bang of a sort. After explosion, the remnant core would stabilize as a quark star. 
We point out here that even if Pauli’s exclusion principle is not considered, a massive star 
could not collapsed into a black hole. This is because an individual particle cannot be infinitely 
compressed due to wave-particle duality and the uncertainty principle. When the density of 
particle number increases to a certain extent, a particle is tightly surrounded by the others, which 
will form a potential barrier. The space that the wavefunction of the particle occupies is highly 
compressed, and this will lead to the increase of the energy of the particle. In the instances of 
one-dimensional and spherical infinite deep square potential wells, the energy of a particle is 
inverse proportional to the square of the width of the well [26]. This quantum effect determined 
by uncertainty principle applies to both fermions and bosons. This is the last defence against 
gravitational force. Since an individual particle cannot be infinitely compressed, an object 
composed of large numbers of particles must occupy certain volume in space and cannot 
collapse into a black hole. Then can a star with mass larger than the upper mass limit of a 
neutron star exist? As the interaction between particles in ultra-high temperature and ultra-high 
density is not well understood, we leave aside for the present the detailed equations of state and 
imagine what would happen in this situation. Suppose a star is further compressed until it cannot 
be compressed. Then the star is composed of incompressible fluid (quarks, leptons and gluons) 
and it will finally become a uniform density star, which has a very simple structure [1]. Certainly, 
a massive star may not necessarily turn into a uniform density star. Instead, the density of the 
star will decrease with the increase of radius and a star with arbitrary mass can exist stably. As 
the present universe is evolved from a big fireball, at least an object with the mass of the whole 
universe had ever been in existence before big bang. 
4.5 On the expansion of the universe 
It is suggest in the theory of big bang that the universe is evolved from a big fireball (not a 
singularity in our theory). The first question to be discussed is: the expansion of the universe is 
relative to what? General relativity takes the universe’s expansion as expansion of “space” itself. 
But since all the celestial objects are expanding relative to others, we must observe the motion 
of objects from a static, non-expanding reference frame. As the center of mass of the universe is 
a rest inertial frame, the expansion of the universe must be relative to it. Speaking strictly, only 
being observed from the center of the universe is the space homogeneous and isotropic. 
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Considering the huge comic radius, the space is almost homogeneous and isotropic given the 
point of observation is not far from the center of the universe. Although the Milky Way may not 
be the center of the universe, the observations of distribution of galaxies and CMB show that the 
space around us is highly homogeneous and isotropic [1,2]. So the Milky Way must be located 
near the center of the universe and not at the edge of the universe. For convenience, we might as 
well suppose we are at the center of the universe. Another question is: how to measure the 
expanding speed? It is not a simple question considering the giant cosmological scale and the 
finite speed of light. Because of the finite speed of light, the velocities of the celestial objects 
observed are not their present velocities but their velocities at past times. Suppose we observe an 
object with a velocity  at the distance v r . Considering the delay needed for light to travel is 
, we may think that the velocity of the object is  at an earlier time . crt /= v t
At the beginning of the big bang, all particles went outwards at almost the speed of light 
relative to the center of mass of the universe. Under the influence of gravitational interactions, 
their velocities gradually slow down. It is doubtless that the universe undergoes decelerated 
expansion after big bang. In fact, Hubble’s law is just the demonstration of the decelerated 
expansion of the universe. As the observational velocities actually represent the velocities of the 
celestial bodies at past times, it is reasonable to deduce that the farther the distances of the 
celestial bodies, the faster their receding velocities with respect to the center of the universe, 
which agrees qualitatively with Hubble’s law. It should be noted that Hubble’s law only reflects 
one feature of the expansion of the universe within certain distance scale. Its validity is 
unverified on the whole cosmological scale. That is to say, Hubble constant may not be a 
constant. At different stage of the evolution of universe, the velocities of objects may not obey 
Hubble’s law. 
We now associate the decelerated expansion of the universe with the observational data of 
supernovas. The observational data of supernovae indicate that the luminosity distances of 
distant supernovae are larger than their Hubble distances (see, e.g. [27,28]). This can be 
explained with a varying Hubble constant, or the expansion rate in the past times is larger than 
the expected value of Hubble’s law using the Hubble constant derived by the observations 
within small distance scale. So the supernovas evidence has no matter with cosmological 
constant and dark energy.  
5 Conclusion 
In general, our theory is equivalent to general relativity in vacuum and weak gravitational 
field. Compared with general relativity, our theory is much simpler and easier. In general 
relativity, Einstein’s gravitational field equation is introduced in order to account for the motion 
of bodies in gravitational field. While our description of gravitation is much natural, which only 
needs modification of measurement standard of local space-time and application of Lorentz 
transformations. In addition, our metric expression does not contain gravitational radius and thus 
black hole and singularity are excluded in our theory.  
Our theory is founded on inertial frame. For the description of motion of bodies in 
gravitational field, inertial frame of reference, i.e. center of mass of the system, should be 
adopted. The apsidal motion and gravitational radiation of binary, and the expansion of the 
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universe, all should be observed from their respective frames of center of mass. On the other 
hand, we estimate the maximum mass of neutron star to be five times of solar mass, which in 
general relativity is about three times of solar mass. This difference may be verified by future 
astronomical observations. 
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